The size of bubbles
RESULTS AND DISCUSSION
The size of the bubbles was estimated as the equivalent spherical diameter and the volumetric mean diameter was calculated from the following equations using measured major and minor axes of each bubble which was assumed to be ellipsoidal in the shape (Miyahara, Matsuba and Takahashi, 1982) .
The number of bubbles measured was about 100, a level which is presumed to be reliable for statistical analysis under the present experimental conditions (Koide, Hirahara and Kubota, 1966) . (1982) . The volumetric mean diameters of bubbles were found to be independent of the gas velocity. This behavior shows a little deviation from the result of Miyahara, Matsuba and Takahashi (1982) . It is attributed to the differences in operating conditions; this study was performed in the gas-liquid continuous flow system, while theirs was carried out in a non-flowing liquid medium. They showed that the bubble size in the bed increased with increasing gas velocity; their result is different from that of this study. This difference may be due to the fact that their study was performed for bubbles in a bed of heavy particles.
The volumetric mean diameter of bubbles leaving the bed decreases with increasing liquid velocity as shown in Fig.4 . The result agrees with that of Rigby et al.(1970) who measured the bubble size in the bed by means of an electroresistivity probe. Similar results were also obtained by Page and Harrison(1972) who investigated the size distribution of bubbles leaving the three-phase fluidized bed of glass beads photographically. Rigby et al. (1970) reported that the decrease in bubble size with increasing liquid velocity is related to the decrease in bed viscosity which plays a significant role in bubble characteristics. In this study, however, the effect of the particle size on the size of bubbles was found to be negligible. In each case, it is supposed that the data may follow a logarithmic normal probability distribution law. (4) where dg is the geometric mean diameter (5) and s is the geometric standard deviation:
The relationship between d, and d, of the logarithmic normal probability distribution is (Mugele and Evans, 1951) 
CONCLUDING REMARKS
In this study, from the video photographs of bubbles leaving the three-phase fluidized bed of low density particles, effects of gas and liquid velocities, size and density of solid particles on the size of bubbles were experimentally investigated, and the following results were obtained:
1) The size of the bubbles is almost independent of gas velocity, but is reduced by increase in liquid velocity.
2) The bubble size distribution can be expected to follow the logarithmic normal probability distribution law. 3) There is a high degree of bubble coalescence as compared to the bubble column.
4) The size of bubbles leaving the three-phase fluidized bed can be roughly estimated from, the bubble size in the bubble column, physical properties of solid particles and operation conditions. 
